Introduction
============

Pancreatic ductal adenocarcinoma (PDA) has a dismal prognosis. The standard procedure for diagnosing PDA includes tumor tissue sampling using endoscopy; the sensitivity and specificity of endoscopic ultrasound-guided fine needle biopsy (EUS-FNB) are over 90 % [@JR1643-1] . Given the utility of EUS in visualizing even small tumors, EUS-FNB has been widely used to obtain samples for the histological analysis of suspected pancreatic lesions [@JR1643-2] [@JR1643-3] . The procedure is particularly useful when the lesion is too small for imaging modalities to ascertain whether a malignancy that warrants surgical intervention is present.

EUS-FNB is a safe examination in most cases, and recurrence owing to needle tract seeding is considered an infrequent event [@JR1643-4] . However, in the event of its occurrence, such procedure-related dissemination of cancer cells precludes the possibility of a cure even in patients with early-stage PDA [@JR1643-5] . Therefore, physicians need to weigh the risk of performing EUS-FNB in terms of missing an opportunity for curative surgical resection versus causing the iatrogenic acceleration of a potentially aggressive tumor.

Here, we report on a patient with PDA whose resected primary and recurrent tumors, together with endoscopic biopsy specimens from the primary tumor, were subjected to mutational analysis of common PDA-related genes with the goal of determining whether needle tract seeding occurred as a result of EUS-FNB.

Case report
===========

A 78-year-old woman with no family history of cancer was referred to our hospital because of abdominal pain. Laboratory tests revealed high levels of amylase (139 IU/L) and lipase (192IU/L), but a normal level of carbohydrate antigen 19 -- 9 (28.0 U/mL). Computed tomography (CT) and magnetic resonance imaging showed that the main pancreatic duct (MPD) was dilated to 4.6 mm with no sign of a solid tumor ( [Fig. 1a](#FI1643-1){ref-type="fig"} , [Fig. 1b](#FI1643-1){ref-type="fig"} ). EUS revealed a 10.8-mm hypoechoic area in the body of the pancreas connecting to the dilated MPD ( [Fig. 1c](#FI1643-1){ref-type="fig"} ).

![Imaging findings of the primary pancreatic tumor and resected specimen. **a** Computed tomography showed dilation of the main pancreatic duct (MPD; *arrowhead* ) with no sign of a solid tumor. **b** Magnetic resonance cholangiopancreatography demonstrated an obstruction of the MPD (arrowhead) accompanied by distal dilatation. **c** The hypoechoic area was visualized by endoscopic ultrasonography in the body of the pancreas connected to the dilated MPD. Scale bar: 1 mm. **d** Endoscopic ultrasound-guided fine-needle biopsy identified few atypical epithelial cells. **e** Moderately differentiated adenocarcinoma. **f** Macroscopic findings for the primary pancreatic ductal carcinoma (left panel). Serosal involvement was not evident (middle panel); however, the lining of the micro-foci of the adenocarcinoma in the granulation tissue was observed (right panel, arrowhead). Scale bar: 100 µm.](10-1055-a-1034-7700-i1643ei1){#FI1643-1}

For pathological assessment, EUS-FNB using a 22-gauge needle (EchoTip ProCore HD Ultrasound Biopsy Needle, Cook Japan Inc., Tokyo, Japan) was performed. Few atypical epithelial cells were identified; however, no malignancy was verified histologically ( [Fig. 1 d](#FI1643-1){ref-type="fig"} ), and abnormal *p53* staining was not observed. Serial sampling of the pancreatic duct via a transpapillary route was then performed, which also revealed no malignancy.

Subsequently, however, dilatation of the MPD continued to progress concomitant with rising serum amylase and lipase levels, and it was recommended that the patient undergo surgical resection of the pancreas after an invasive PDC was suspected. The patient underwent distal pancreatectomy for curative resection of the PDA, achieving a negative surgical margin ( [Fig. 1e](#FI1643-1){ref-type="fig"} ); the tumor was determined to be a moderately differentiated adenocarcinoma. There was no sign of serosal involvement; however, adenocarcinoma micro-foci in the granulation tissue that were non-contiguous with the primary tumor were observed ( [Fig. 1f](#FI1643-1){ref-type="fig"} ). Lymphovascular invasion was not histologically evident. In addition to the stage I PDA, another well-differentiated neuroendocrine tumor (4 mm) was found incidentally ( **Supplementary Fig. 1a** ).

Three years after resection of the primary PDA, a 25-mm submucosal tumor in the posterior wall of the stomach was detected ( [Fig. 2a](#FI1643-2){ref-type="fig"} ; right panel, and [Fig. 2b](#FI1643-2){ref-type="fig"} ). A small mass was also detected retrospectively 2 years after resection upon reexamination of the contrast-enhanced computed tomography image ( [Fig. 2](#FI1643-2){ref-type="fig"} , left panel). EUS-FNB-obtained tissue specimens from the gastric tumor and from the recurred PDA were highly suspected to be histologically identical. Partial resection of the stomach was then performed, following which the tumor was histologically confirmed to be a recurrence of the PDA ( [Fig. 2c](#FI1643-2){ref-type="fig"} ). Additional small tumors in the gastric wall were also found during the surgery, and were confirmed to be gastrointestinal stromal tumors following their resection ( **Supplementary Fig. 1b** ).

![ Recurrence of pancreatic ductal carcinoma in the gastric wall. **a, b** A submucosal tumor (25 mm) in the posterior wall of the stomach was demonstrated by computed tomography (CT) ( **a** , right) and esophagogastroduodenoscopy ( **b** ). CT performed 1 year before recurrence is also shown (left). Arrowheads indicate the abnormal mass in the gastric wall. **c** The tumor was histologically identical to the primary pancreatic ductal carcinoma. Scale bars: 100 µm.](10-1055-a-1034-7700-i1643ei2){#FI1643-2}

To determine whether needle tract seeding due to EUS-FNB occurred, we performed genetic analyses of the tissue specimens that were surgically resected or obtained via biopsy/cytology to identify any somatic mutations frequently found in PDA (see **Supplementary Methods** ). Targeted amplicon sequencing revealed *KRAS* G12 D and *SMAD4* W323X mutations in the primary tumor, recurrent tumors, and EUS-FNB specimens ( [Table 1](#TB1643-1){ref-type="table"} ). On immunohistochemistry of these samples, SMAD4 exhibited a mosaic staining pattern with retained, reduced, and absent expression observed in the primary tumor ( [Fig. 3](#FI1643-3){ref-type="fig"} ). On the other hand, the majority of the tumor cells exhibited a loss of SMAD4 expression in both the atypical cells obtained by EUS and the recurrent gastric wall tumor.

###### Results of sequencing of the surgically resected and EUS-FNB specimens.

  Specimens                                 Mean depth   Uniformity   Target base coverage at 100 × (%)   Target base coverage at 500 × (%)   *KRAS*         *TP53*   *SMAD4*        *CDKN2A*   Other mutations (%)
  ----------------------------------------- ------------ ------------ ----------------------------------- ----------------------------------- -------------- -------- -------------- ---------- --------------------------------------------------------
  EUS-FNB                                   3,014        0.889        98.7                                89.9                                G12 D (49.8)   WT       W323X (49.1)   WT         RNF43 I186F [1](#FN1643-1){ref-type="table-fn"} (21.2)
  EPB [2](#FN1643-2){ref-type="table-fn"}    --           --           --                                 ―                                   G12 D (2.1)    ―        WT             ―          ―
  Primary PDA                               2,755        0.952        98.5                                96.3                                G12 D (13.8)   WT       W323X (3.5)    WT         RNF43 I186F [1](#FN1643-1){ref-type="table-fn"} (16.2)
  PNET                                      3,383        0.946        99.2                                96.0                                WT             WT       WT             WT         ND
  Recurrent tumor                           3,307        0.902        98.5                                94.7                                G12 D (18.8)   WT       W323X (22.7)   WT         RNF43 I186F [1](#FN1643-1){ref-type="table-fn"} (22.4)
  GIST                                      2,763        0.930        98.7                                94.7                                WT             WT       WT             WT         ND

EUS-FNB, endoscopic ultrasound-guided fine-needle biopsy; EPB, endoscopic pancreatic biopsy; GIST, gastrointestinal stromal tumor; ND, not detected; PDA, pancreatic ductal adenocarcinoma; PNET, pancreatic neuroendocrine tumor.

The COSMIC ( <http://cancer.sanger.ac.uk/cosmic> ) and ClinVar ( <https://www.ncbi.nlm.nih.gov/clinvar/> ) databases were used to classify variants of unknown significance.

Digital PCR was performed to detect and quantify KRAS G12 D and SMAD4 W323X variants (see Supplementary Figure 2 for details).

![ Immunostaining for SMAD4 in the surgically resected and endoscopic ultrasound-fine needle biopsy (EUS-FNB) specimens. SMAD4 staining was reduced (arrows) or absent (arrowheads) in the surgically resected specimen (upper panel). Loss of SMAD4 expression was noted in the majority of the tumor cells in the EUS-FNB specimens (middle) as well as in the recurrent gastric wall tumor (bottom). Areas marked with a solid line in the middle panel indicate atypical cells suggestive of adenocarcinoma, while dashed lines denote gastric foveolar epithelia. Scale bars: 200 µm.](10-1055-a-1034-7700-i1643ei3){#FI1643-3}

Biopsy/cytology samples collected via the transpapillary route from the primary PDA, all of which were pathologically negative for cancer cells, were also utilized if found to be useful for analyzing tumor-associated mutations. Given the very low DNA yield from these samples, sequencing could not be performed using endoscopic pancreatic biopsy and cytology specimens, and digital PCR assays targeting *KRAS* G12 D and G12V as well as *SMAD4* W323X variants were performed instead ( [Table 1](#TB1643-1){ref-type="table"} ). Although *KRAS* mutations were present in some of the samples, only wild-type *SMAD4* was detected. Written informed consent was obtained from the patient before performing the genetic study and for publication of this case report.

Discussion
==========

Our study yielded genetic evidence that obtaining tumor cell samples via EUS-FNB for purposes of definitive diagnosis of pancreatic cancer resulted in needle tract seeding. It is unclear if specific tumor types have a greater propensity for such seeding, and effective protocols aimed at preventing dissemination of cells have not been established. Multiple punctures during EUS-FNB are performed to obtain sufficient specimens for histological diagnosis; however, the chances of tumor cell dissemination may be increased [@JR1643-6] . To maximize the benefit of EUS-FNB while minimizing the risk thereof, this diagnostic approach could be omitted in patients with small tumors that exhibit no extra-pancreatic invasion, as such individuals are candidates for potentially curative treatments.

Presence of *KRAS* mutation alone may not be sufficient to trace tumor cell clonality during PDA development and recurrence because hotspots are enriched in codons 12 and 13. When *KRAS* G12 D and G12V are found in multiple lesions, it is not easy to determine if they are clonally related or developed independently [@JR1643-7] [@JR1643-8] . We therefore performed targeted sequencing to search for genes that are commonly mutated in human PDA [@JR1643-9] , wherein we revealed a pathogenic mutation in *SMAD4* across the specimens. However, genetic tracing does not confirm that EUS-FNB was indeed responsible for tumor dissemination because metastasis to the gastric wall could also have occurred via direct invasion.

In the primary PDA, the mutated allele frequency of *SMAD4* was much smaller than that of *KRAS* , which indicated intratumor heterogeneity. Of note, the mutation profile obtained via EUS-FNB revealed equal levels of mutated alleles in *KRAS* and *SMAD4,* suggesting that the sampled tissue represented a tumor region harboring both mutations, whereas the pancreatic duct biopsy obtained during extended radical resection contained a mutation in *KRAS* but not *SMAD4* . Endoscopic biopsies may be less informative when assessing the mutational burdens and heterogeneities because they provide only locoregional information (unless multiple extractions from different areas of the tumor are performed) [@JR1643-9] . In our patient, the mutation-enriched tumor cells collected by EUS-FNB consistently exhibited high mutational burdens of both *KRAS* and *SMAD4* , which were observed in the recurrent gastric wall tumor. Subclones of the primary tumor that are more genetically volatile may facilitate needle track dissemination, although the possibility of spontaneous metastasis cannot be excluded. However, we considered the latter scenario unlikely since micro-foci of the adenocarcinoma in the granulation tissue were observed; moreover, neither serosal nor lymphovascular invasion were histologically evident in the resected primary tumor specimen. Neither the pancreatic neuroendocrine tumor nor the gastrointestinal stromal tumor that were incidentally found during surgical resection shared the mutations found in the primary and recurrent PDAs, suggesting that the non-epithelial tumors were clonally unrelated to these PDAs.

If an invasive procedure for curatively resectable (early-stage) PDA is to be avoided, a liquid biopsy can be an alternative noninvasive test for *KRAS* mutations [@JR1643-10] . We previously demonstrated successful genetic testing of fresh pancreatic juice in a patient with early-stage PDA for whom histological assessment had failed to detect a malignancy [@JR1643-11] . Such assays have variable sensitivities and specificities depending on the source of the sample (i. e., plasma, duodenal/pancreatic juice, or urine), and reliable protocols for sampling, storing, preparing, and assaying nucleic acids need to be established [@JR1643-12] . When combined with modern imaging technologies, such genetic tests are promising tools that allow the forgoing of invasive procedures, thereby avoiding the risk of false negative results when using current endoscopic techniques.

Conclusion
==========

In conclusion, our genetic assessment revealed evidence of a tissue sampling-related recurrence of pancreatic cancer, where needle tract seeding appeared to have occurred in a patient with a heterogeneous tumor that was sampled using EUS-FNB. Less invasive collection of a minimal amount of tissue combined with genetic testing may be a safer alternative to histopathological sampling of early-stage PDA.
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